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Abstract 
This paper presents and discusses test results of simulated suction effect due wind action on 
purlin-channel and lipped-channel sections carried out in a "vacuum box". The chosen profile 
sections and their dimensions are those frequently used in steel construction in Brazil. The 
experimental results and the failure mode analysis of the purlin behaviour subjected to suction 
effect were compared with the theoretical analysis and R-factor for all load steps. The tests were 
carried out in a " vacuum box" with plan dimensions of 4 m x 6 m, where the suction effect due 
to wind was simulated. The air contained inside the "vacuum box" was gradually removed by a 
vacuum cleaner and the results of R-factors were obtained. A total of 15 channel and lipped-
channel profiles of 5,74Omm length were tested. The first series of tests was carried out without 
sag rods while the second purlin test was executed with two sag rods, also representing usual 
situations of those elements in the Brazilian steel construction. The steel panel had a trapezoidal 
section with 40mm height and 0.65 mm thickness, connected to the profiles using screws. They 
were measured vertical and horizontal displacements and strains in the middle section of the 
purlin. Those results allowed an evaluation of the strain and the R- Factor, as proposed by 
LaBoube (1992,1991), during each load steps. 
Introduction 
C-channel and C - lipped channel profiles are widely use in Brazil as purlins in steel building 
roof. The stiffened Z-type cross sections are also used but on a minor scale. This paper presents 
and discusses results of tests on purlin subjected to the suction effect of wind as well as the 
observed failure modes and a comparative analysis of experimental and theoretical results. The 
adopted profiles and dimensions are those commonly used in steel construction in Brazil. 
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In a preliminary analysis, all test data was considered so that at a later stage the analysis of 
channel and lipped channel profiles could be performed to obtain the R-factor for all loading 
steps.In carrying out the test, a "vacuum box" was designed and constructed in modules of Imeter 
width and 6 meters length. The simulation of the suction effect due to wind was obtained by the 
difference between the internal and external pressures. To obtain this, the air inside the "vacuum 
box" was gradually removed by a vacuum cleaner. 
The tested C, lipped C and Z purlins all had a total length of 5,740mm. The first series of test was 
carried out on sections without sag rods. While the second and third series were on sections with 
two sag rods each located at one third span from either end. The steel roof sheathing used was 
trapezoidal shape with a cross section height of 40mm and thickness of 0.65 mm, fastened to the 
purlin members by screws. 
The tests were carried out in the Structure Test Laboratory of the Department of Structural 
Engineering at Slio Carlos. 
Transverse sections and material 
A total of 15 specimens were tested. The transverse sections were C, lipped C and Z-shaped 
rolled by brake press into 6 meter long profiles. Figure 1 shows the basic nomenclature used for 
the dimensions of the cross sections. 
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Figure 1: Cross sections and nomenclature of purlin sections tested. 
The height h and flange b of the sections were maintained constant throughout the tests equal to 
127 mm and 50 mm respectively. The edge stiffener was of a constant length d of 17 mm. The 
thickness of the steel sheet was 2.25 mm and 3.00 mm. 
To determine the characteristic strengths of the steel used, 12 coupon tests specimens were 
prepared and tested according to ASTM A370 to determine the yield strength (Fy) and the 
ultimate tensile strength (Fu). The values of (Fy) and (Fu) obtained were respectively 345 MPa 
and 461 MPa at an average strain of 30%. 
525 
Test Methodology 
In the top of the "vacuum box", the purlin-sheathing assembly to be tested was placed in an 
inverted position contrary to conventional roofing system such that on removing the air contained 
in the "box", the difference between the internal and external pressures would provide excess 
pressure on the roof sheathing assemble, thus simulating the effect of suction due to wind action . 
This difference in pressure was uniformly distributed on the surface of the roof panel. 
Figure 2.a illustrates the assembly of the "vacuum box" while in figure 2.b shows the purl in-
sheathing system already assembled, the "box" covered with a plastic sheet, the suction system 
and the section to be tested in the middle of the tank and instrumented. 
2.a - "Vacuum box" in the assembly phase. 2.b - Continuation of test. 
Figure 2: Assembling of "vacuum box" and test set-up 
The negative pressure intensity was measured by pressure transducers. To measure the vertical 
and horizontal displacements, Kyowa linear displacement transducers were used. Displacements 
were taken at the flange of the section. Figure 3 illustrates the positioning of the linear 
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Figure 3: Illustration of the positioning of 
displacement transducers. 
Figure 4: Detail of test setup: arrangement of 
linear displacement transducers. 
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Strain gauges were placed at the top and bottom flanges at midspan of the central section as 
shown in figure 5. 
J "J L 
654 765 567 
Figure 5: Position of strain gauges on the tested sections. 
A total of 15 tests were carried out on three types of transverse sections. Table 1 shows the main 
characteristics of the test specimens. 
TABLE 1 - Types of sections tested. 
Test Section Screws Sag rods Observation 
1 C127x50x3.00 All wave Non 
2 C127x50x17x3.00 All wave Non 
3 Z127x50x17x3.00 All wave Non 
4 C127x50x3.00 Conventional Non 
5 C127x50x3.00 Conventional Non 
6 C127x50x17x3.00 Conventional Non 
7 C127x50x17x3.00 Conventional Non Strain gauges placed at web 
8 C127x50x2.25 Conventional 1/3 span 
9 C127x50x2.25 Conventional 1/3 span 
10 C127x50x2.25 Conventional 1/3 span Strain gauges-placed at web 
11 C127x50x3.00 Conventional 1/3 span Strain gauges placed at web 
12 Z127x50x17x2.25 Conventional 1/3 span 
13 Z127x50x17x2.25 Conventional 1/3 span Strain gauges placed at web 
14 Z127x50x3.00 Conventional 1/3 span 
15 Z127x50x3.00 Conventional 1/3 span Strain gauges placed at web 
The loading phase was always initiated with pre-loading take the results of the horizontal and 
vertical displacements. First of all the readings obtained for pre-loading were verified based on 
the symmetry of strain gauge positions and loading. Then the efficiency of the "vacuum box" was 
checked and only after was the test started. 
TheR-Fator 
To determine the R-factor of the section, an empirical expression according to LaBoube (1992) 
was adopted. LaBoube (1992) defines the R-factor as the ratio between the ultimate test bending 
moment and the bending moment at the start of yielding based on the strength of the effective 
elastic section. This approach is adopted by the Brazilian code, ABNT (2001) of steel structures 
in the design of cold-formed steel structures. 
527 
The ultimate bending moment (Mref), was determined for a load corresponding to 1/100 span 
obtained by distributing the average pressure on the central section. This is equivalent to a beam 
on two supports subjected to uniformly distributed load. 
The bending moment corresponding to the beginning of yielding of the transverse section (My), 
was calculated according to the effective transverse section properties for a yield stress Fy= 343 
MPa. The values of M ref and My are shown in table 2. 
Test Mre.(kN.m) R=MJM 
. h d est WIt out sag ro s 
1 C127x50x3.00 0.85 4.30 7.52 0.57 
2 C127x50x17x3.00 0.93 6.54 9.28 0.70 
3 Z127x50x17x3.00 0.80 3.60 10.16 0.35 
4 C127x50x3.00 0.61 3.09 7.42 0.42 
5 C127x50x3.00 0.50 2.53 7.42 0.34 
6 C127x50x17x3.00 0.55 3.86 9.28 0.42 
7 C127x50x17x3.00 0.52 3.65 9.28 0.39 
T d ests on sagro s 
8 C 127x50x2.25 0.75 4.74 5.21 0.91 
9 C127x50x2.25 0.65 4.41 5.21 0.85 
10 C127x50x2.25 0.75 4.62 5.21 0.89 
11 C127x50x3.00 1.00 6.87 7.42 0.92 
12 Z127x50x17x2.25 0.80 5.81 7.46 0.78 
13 Z127x50x 17x2.25 0.80 5.81 7.46 0.78 
14 Z127x50x17x3.00 0.96 8.03 9.77 0.82 
15 ZI27x50x17x3.00 0.98 8.20 9.77 0.84 
"' . Note. p(kN/cm ) mdlcate the value of applied pressure correspondmg to a displacement of 1/100 span (56.2 mm). For 
this value the pressure was estimated using the bending moment Mre •. 
The average values obtained were as follows: 
C-section without sag rods: 
Stiffened U-section without sag rods: 
C-section with two sag rods: 
Stiffened Z-section with two sag rods: 
R = 0.46 
R = 0.50 
R = 0.89 
R = 0.80 
It should be emphasised that these values are applicable only to the conditions of tests discussed 
in this paper and their extrapolation to other test conditions is subject to possible errors in the 
determination of the strength under bending moments. 
Only one test was performed for the Z-section without sag rods. Therefore the value obtained 
(R=0.35) cannot be considered as representative of this section. 
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For the purpose of comparisonithe values obtained here could be compared to results obtained by 
LaBoube (1992) and incorporated in the AISI since 1991. LaBoube (1992) and other researchers 
determined the coefficient R as the ratio between the bending moment obtained in tests and the 
bending moment at the onset of yielding. Based on this, the R coefficient was obtained 
considering a beam on two supports and continuous beam. The following average values were 
obtained: 
Stiffened C-section (supported at two points and without sag rods): 
Stiffened Z-section (supported at two points and without sag rods): 
Stiffened C-section (continuous and without sag rods): 





Tables 3 and 4 show results of other 25 tests carried out by LaBoube and Pek6z, Soroushian and 
those carried out in the present experimental study with reference to sections without sag rods and 
supported at two points, thus totalling 31 test specimens. 
TABLE 3 - Values of R -factor for Z-sections 
Profile Reduction coefficient Profile Reduction coefficient 
Z203xl.50 0.49- Z240x1.60 0.54" 
Z203x1.52 0.49" Z240x2.69 0.66" 
Z203x1.60 0.54" Z240x2.77 0.45-
Z203x1.78 0.50" Z240x1.80 O.44b 
Z203x1.91 0.55" Z240x1.80 0.49b 
Z203x2.24 0.55- Z240x1.80 0.43b 
Z203x2.26 0.51" Z240x2.69 0.51b 
Z203x2.90 0.56- Z240x2.69 0.51 b 
Z203x2.92 0.42" Z127x3.00 0.35c 
Z240x1.57 0.49" 
Average value for a Z=0.50 sectIOn Standard deVIatIOn for a Z=0.70 sectIOn 
" Pekiiz, Soroushian (1982). b LaBoube (1992). c Iavaroni (1999). 
TABLE 4 - Values ofR-factor for C-sections 
Section Reduction coefficient Section Reduction coefficient 
C180x1.91 0.73" C127x3.00 (Test 1) 0.57c 
C230x1.91 0.47" C127x3.00 (Test 2) 0.70c 
C230x1.96 0.41" C127x3.00 (Test 4) 0.42c 
C240x1.80 0.38b C127x3.00 (Test 5) 0.34c 
C240x1.80 0.36b C127x3.00 (Test 6) 0.42c 




~o, Average value for a C=O.47 sectIOn (0.42) Standard deVIatIOn for a C 0.12 sectIOn (0.06 ) 
" Pekiiz, Soroushian (1982). b LaBoube (1992). (Note: Stiffened sections; stiffener 20mm) c Iavaroni (1999). 
d Values were obtained excluding coefficients 0.73 and 0.70. 
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After a close look at these values, it can be concluded that they practically reproduce the average 
values and standard deviations obtained by LaBoube and later analysed by Jonhston & Hancock 
(1994). The value of R=0.40 for the C-section seems to be appropriate for both C and C-lipped 
sections. 
The determination of the ultimate bending moment could serve as criterion depending on the 
researcher. In the present paper, this value was considered with reference to a deflection of 1/100 
span. Figure 5 shows the obtained displacements. It can be observed that the horizontal 
displacement of the top flange is excessive for sections without sag rods, thus representing the 
ultimate limit state considered herein. 
TABLE 5 - Failure modes of sections fastened to sheathin 
Test Section Failure Mode uIL * 
T'h d ests WIt out sag ro s 
1 C127x50x3.00 Excessive displacement 11104 11201 
2 C127x50x17x3.00 Excessive displacement 1175 11173 
3 Z127x50x17x3.00 Excessive displacement 1164 11222 
4 C127x50x3.00 Excessive displacement 1/88 11165 
5 C 127x50x3 .00 Excessive displacement 1158 11120 
6 C127x50x17x3.00 Excessive displacement 1160 11112 
7 C127x50x17x3.00 Excessive displacement 1/60 11110 
T ests WIt sag ro s h d 
8 C127x50x2.25 Local buckling of flange 1167 11745 
9 C127x50x2.25 Local buckling of flange 1167 11256** 
10 C127x50x2.25 Local buckling of flange 1177 11258** 
11 C127x50x3.00 Local buckling of flange 1191 11430** 
12 Z127x50x17x2.25 Excessive displacement 1167 115980 
13 Z127x50x17x2.25 Excessive displacement 1166 112400 
14 ZI27x50x17x3.00 Excessive displacement 1164 112475 
15 Z127x50x17x3.00 Excessive displacement 1165 1/2275 
* V e U represent vertical and honzontal dIsplacements respectively. ** Average values after occurrence of local 
buckling of flange. The horizontal displacements of the compressed flange remain null until the occurrence of local 
buckling ofthe flange. 
The analysis of the R-factor will be made in the present paper considering the whole loading 
history during the test. On determining the horizontal and vertical displacement, greater emphasis 
will be given to C-sections given their greater application in steel construction in Brazil. 
The R-Factor - Verification of displacements 
The variation of the R-factor increases with increased applied pressure due to increase in 
reference bending moment. There is a example in figure 6 for test 4. For this test, figure 7 shows 
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Figure 6: Variation of R-factor with applied 
pressure. 
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0,0 0,20 0,40 0,60 0,80 
- e- Vertical Displacement 
- +- Horizontaillisplaccment 
Figure 7: Horizontal and vertical 
displacements for section C 127x50x3,O, 
The horizontal and vertical displacements (figure 7) are of great importance since they determine 
the configuration of the purlin-sheathing assembly at failure before the limit value for that vertical 
displacement is attained, 
Figure 8 shows a photograph from which it can be observed that the horizontal displacement 
becomes visibly significant compared to the vertical displacement. 
Figure 9 shows the vertical displacements for different tests of C 127x50x3.00 purlin sections 
with limits of vertical displacements of U240, U180, UIOO, where L is the purlin span , Of these 
values, the first two are the commonly adopted limit deflection for this type of member according 
to the Brazilian code for steel construction. The variation of the pressure and consequently the R-
factor can easily be observed from the curve. 
Figure 8: Test - The horizontal displacement 
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The normal stresses were estimated from average strains at the midspan transverse cross section 
of the pudin. This approach was intended to compare stresses predicted by other approaches with 
those obtained in the tests. 
It is however worth mentioning that this approach is one in which a linear elastic stress-strain 
behaviour is assumed. For the specific case of cold-formed sections, such a stress-strain 
behaviour is correct only up to a stress value equal to the stress corresponding to the proportional 
limit. 
Figure 10 indicates the normal stresses at the top and bottom flanges at the instrumented points at 
midspan transverse cross section where a linear stress distribution along the flange width is 
observed. 
"-
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"--
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Figure 10: Experimental values of normal stresses at flange (kN/cm2). 
Figure 7 presents results from theoretical model predictions by Pek6z, Soroushian (1982) and the 
Eurocode (1993). It also shows results obtained in analogy to Hancock's (1997, 1985) model for 
torsional-flexural buckling of members subjected to compression and bending. 
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TABLE 7 - Results of maximum nonnal stress (kN/cm2) 
N° Test Pek6z, Soroushian Eurocode Hancock 
(Bending) 
1 20.68 27.70 22.54 27.15 
2 22.67 29.40 31.38 30.48 
3 22.65 19.96 15.97 30.46 
4 13.84 19.37 16.01 27.15 
5 8.90 21.49 13.21 27.15 
6 11.13 21.35 18.56 30.48 
7 9.98 20.31 16.87 30.48 
In analogy to Hancock's model, the configuration shown in figure 12 is assumed, where the 
stiffened flange, web and stiffener constitute a stiffened element under compressive stresses, 
assuming that distortion occurs at the compressed flange-web junction. After making these 
assumptions, the adopted design procedure is that proposed by Hancock (1997). 
Figure 11: The model adopted for detennination of the critical buckling stress in analogy to 
Hancock's model. 
It can be verified from table 7 that stresses calculated using various approaches are greater than 
the conventional limit values. With exception to test 3 for the stiffened Z-section, stresses above 
limit values were obtained for the models proposed by Pekoz, Soroushian and the Eurocode. 
The maximum nonnal stresses of the sections was detennined based on the approaches by Pek6z 
and Soroushian considering the superposition of the vertical bending moment in the plane of the 
section, the horizontal bending moment due to lateral displacement and the rotation of the 
section. This approach demands that the experimentally detennined value of K represent the 
purlin-sheathing elastic support coefficient. The estimation of this coefficient is possibly by 
taking reading of the horizontal displacements. In the present test, the coefficient was obtained for 
each test without sag rods. For test with sag rods, a value of K~oo was admitted. 
For the Eurocode model and that based on the analogy of Hancock's model, the value of K was 
determined algebraically. Table 8 shows coefficients of elastic support obtained for each test 
specimen. Note the significant variation in experimental values, which are in general less than 
analytically predicted values. 
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TABLE8 Val - f ues 0 support e ashc coe lClent or t e pur m-s eat mg assem lY. ff' f h r h h' b1 
Test Section p Values of K (kN/m") 
(kN/m2) Pekoz Eurocode Hancock 
(experimental) (analytic) (analytic) 
1 C127x50x3.00 0.85 16.228 24.657 23.99 
2 C127x50x17x3.0 0.93 36.968 24.657 22.37 
3 Z127x50x17x3.0 0.80 6.644 24.657 22.16 
4 C127x50x3.00 0.61 15.665 24.657 23.99 
5 C127x50x3.00 0.50 8.761 24.657 23.99 
6 C127x50x17x3.0 0.55 17.603 24.657 22.37 
7 C127x50x17x3.0 0.50 15.578 24.657 22.37 
For the design of the purlin-sheathing assembly tested, the hypothesis of bending can be admitted. 
This can be easily observed in figure 12 which shows the difference in behaviour between the use 
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a) C-section with sag rod - Test 7. b) C-section without sag rod - Test 9 
Figure 12: Average strains of section with and without sag rods. 
Conclusion 
The tests carried out on purlins showed different behaviour of the profiles with respect to the 
presence or not of sag rods. In the absence of sag rods, the profiles showed a failure mode due to 
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excessive horizontal displacement of the compressed flanges. This failure mode was observed in 
all tested profiles. 
With respect to the use of sag rods, it was observed that the tested profiles showed no significant 
horizontal displacement of the compressed flange. Instead, they showed vertical displacements, 
suggesting an analysis that considers the purlin as a bar element subjected only in bending. 
Test results of ultimate pressure, with exception of those related to the C-shape profile with sag 
rods were obtained under conditions of excessive displacements, both horizontal and vertical, 
thus mobilising a membrane-type behaviour of the sheathing, thus providing the profile with an 
elastic support. 
Normally, as a general design procedure of purlins, the analysis of the suction effect of wind and 
short duration loads is performed without imposing any restrictions to the vertical displacement 
of the purlin. This may lead to undesired damage of the building, implying the imposition of 
restrictions on displacements. 
In a prior evaluation using Pekoz's approach, Soroushian presents results of normal stress, which 
are in conformity to strain obtained in tests. However, the values of the elastic support coefficient 
show a considerable scatter and to estimate a theoretical value for design purposes, it is necessary 
that further research be made on the various parameters involved. As an alternative procedure, the 
values of this coefficient could be determined analytically and those obtained experimentally used 
to as reference values. 
It is worth noting that the calculated stress values using the aforementioned two procedures are 
applicable only to the determination of the peak yield stress of the material. It can be observed 
that the calculated stresses are below yield values and greater than observed test values, clearly 
indicating the limit imposed by excessive displacements. 
The model developed here in analogy to that presented by Hancock did not seem to be a good 
approach to estimate this phenomenon. This is because the original model supposes a distortion 
of the flange and the stiffener, which in the case in question, occurs in the tensile flange-web 
connection, where the hypothesis of a uniform distribution of normal stress isn't correct. 
In the face of the number of variables involved in the determination of the bending moment of 
these sections, the approach proposed by LaBoube becomes far more interesting due its 
simplicity. If was found that a value of the reduction coefficient of 0.40 is generally adequate for 
C-purlins. 
The adoption of two sag rods is justified by the common construction practice in Brazil for spans 
of the order considered in this paper; 
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Appendix - Notation 
A Full unreduced cross-sectional area of the member 
E Modulus of elasticity of steel, 205 000 MPa 
Fy = Tensile yield point 
Fu Tensile strength 
L Full span for simple beams 
Mref = flexural strength in test 
My Moment causing a yield strain 
p Pressure in "vacuum tank" 
R Reduction factor 
Thickness of section 
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